Formalin-fixed, paraffin embedded tissues obtained from 40 pigs inoculated with a field isolate of hog cholera virus were examined for the presence of Gp55, a major structural protein of the virus envelope, using a monoclonal antibody-based immunohistochemical test with the avidin-biotin-peroxidase complex method. Immunoreactivity was detected in hog cholera virus-infected tissues but not in control pigs tissues, African swine fever virus-infected tissues, or bovine viral diarrhea virus-infected porcine or bovine tissues. The first positive reactions were seen in lymphatic tissues, digestive tract and skin on postinoculation day (pid) 4, respiratory and urinary tissues on pid 5, nervous tissues on pid 6, and endocrine tissues on pid 7. These staining reactions persisted until the last observation on pid 18. Hog cholera virus antigen was not detected in heart tissue at any time. The highest levels of antigen detection were found in tonsils, spleen, and pancreas, although the esophageal mucosa and skin epithelial cells were also intensely and widely stained. The cellular staining pattern of Gp55 had a ubiquitous distribution. It was found in epithelial cells, macrophages and circulating monocytes, endothelial cells, lymphoid cells, and glial cells. The results showed a high specificity and high sensitivity for detecting hog cholera Gp55 in formalin-fixed, paraffin embedded tissue samples. This method allows precise association of Gp55 with specific cells, tissues, and histologic lesions, making the technique suitable for use in routine diagnosis of hog cholera.
Classical swine fever (CSF) is an important disease of pigs caused by a small enveloped RNA virus, the hog cholera virus (HCV), which belongs to the Pestivirus genus within the family Flaviviridae. 4 Hog cholera viral isolates differ in virulence and antigenic properties. 6, 7, 12 Virulent strains cause a fatal hemorrhagic illness in pigs of all ages, but less virulent strains cause subacute, chronic, or inapparent illnesses. Direct immunofluorescence examination of frozen sections of tonsils, spleen, kidney, and distal part of the ileum is the preferred method of diagnosis of CSF. 17 Direct immunohistochemical staining in frozen tissues is rapid; however, there is poor preservation of histologic details in frozen sections, which may make interpretation of the presence of the virus subjective and prevent accurate identification of infected cells and tissues. Many other viruses have been readly identified by immunohistochemical stains in formalin-fixed tissues, including other pestiviruses. 5, 19 However, the immunohistochemical detection of HCV antigens has been restricted to frozen tissue sections so far. In this paper, we describe a monoclonal antibody-based immuno-histochemical test to detect HCV glycoprotein 55 (Gp55) in formalin-fixed, paraffin-embedded tissues. In addition, the histologic distribution pattern of immunoreactive products to Gp55 monoclonal antibody is described.
Materials and methods
Tissues from 40 experimentally infected pigs diagnosed with CSF by clinical, gross necropsy, and histopathologic criteria and confirmed by direct immunofluorescence 18, 19 were immunohistochemically tested for Gp55 of HCV. Experimental animals were Large White x Landrace pigs weighing about 20 kg each and free from parasitic and infectious diseases at the beginning of the study. Pigs received an intramuscular inoculation of 10 5 tissue culture infective doses (TCID 50 ) of the Chile field isolate Quillota of HCV. a Thirteen pigs died, and the remaining animals were euthanized at different postinoculation days (pids) ( Table 1) . Euthanasia was by exsanguination after azaperone and thiopental administration. Two additional noninoculated pigs of similar characteristics were used as negative controls for the experiment.
After euthanasia, tissue samples of skin, parotid gland, thyroid gland, submandibular lymph node, tonsils, lung, heart, esophagus, thymus, liver, gallbladder, spleen, stomach, duodenum, pancreas, ileum, cecum, ileocecal lymph node, kidney, adrenal gland, urinary bladder, cerebrum, cerebelum, and medulla oblongata were fixed in 10% formalin and embedded in paraffin wax.
The avidin-biotin-peroxidase complex (ABC) technique was used. Deparaffinized tissue sections were incubated with 1% hydrogen peroxide in methanol for 30 min to block endogenous peroxidase activity, and then the tissue sections were treated with 0.1% pronase b in phosphate-buffered saline (PBS) for 10 min at room temperature. Tissue sections were covered with 1% normal goat serum in PBS (pH 7.2) for 30 min at room temperature before incubation with the primary antibody for 18 hr at 4 C. A commercially available mouse monoclonal antibody (WH 303 ) c,2 directed against HCV Gp55 was used at a dilution of 1:50 in PBS containing 1% normal goat serum. Biotinylated goat anti-mouse secondary antibody, c diluted 1:20 in PBS containing 1% normal goat serum, was incubated alone for 30 min and with the ABC for 60 min, both at room temperature. Between each step, slides were washed 3 times for 10 min each time in PBS. The chromogen, 0.5% 3,3'diaminobenzidine tetrahydrochloride (DAB) f diluted 1:10 in 0.05 M Tris containing 0.3% hydrogen peroxide, was applied to the slides for 2-3 min at 20-22 C. Slides were counterstained with Mayer's haematoxylin.
Four negative controls were included. The primary specific antibody was replaced by both PBS and normal mouse ascitic fluid to react with tissue sections from CSF experimentally infected animals. g The WH 303 monoclonal antibody was applied to tissue sections from control pigs, g to tonsil and spleen tissue sections from pigs experimentally inoculated with the highly virulent isolate España 70 (E70) of African swine fever virus, g and to spleen, lung, esophagus, rumen, ileum, colon, liver, kidney, cerebrum, and skin tissue sections from 1 pig and 5 calves naturally infected with the bovine viral diarrhea virus. h All tissue samples had been fixed in 10% buffered formalin and embedded in paraffin wax. Bovine viral diarrhoea virus infection of calves was diagnosed by clinical, gross necropsy, and histopathologic criteria and confirmed by bovine viral diarrhea virus isolation; that of the pig was confirmed by immunofluorescence test with monoclonal antibodies against CSF virus (which was negative) and against bovine viral diarrhea virus (which was positive) performed by the ID-DLO Institute (Lelystad, The Netherlands).
Results
The monoclonal antibody to Gp55 of HCV stained antigens in HCV-infected tissues, but staining was not observed in control pig tissues, African swine fever virus-infected tissues, or bovine viral diarrhoea virusinfected porcine and bovine tissues or in any other negative controls. The specific reaction was always observed in the cytoplasm, where the brown color conferred by the DAB product appeared homogeneously distributed as dark-brown microgranules. Positive cells were morphologically similar to contiguous nonimmunoreative cells, i.e., they did not show cytopathic effects. Background staining was absent in the majority of tissue sections analyzed. When present, it appeared as a diffuse, homogeneous brown staining of the whole section.
Immunoreactivity was observed in all organs and tissues tested except the heart. Immunoreactive circulating monocytes were sometimes observed, mostly in animals dying of the disease. Lymphoid tissues. Specific immunoreactivity was found in superficial and crypt epithelial cells, macrophages and endothelial cells of tonsils, and macrophages and endothelial cells of spleen and lymph nodes from pid 4 and in lymphoid cells of tonsils, spleen, and lymph nodes and Hassal corpuscles of the thymus from pid 6 ( Fig. 1 ). Immunoreactivity remained fairly homogeneous until pid 18. No differences in the amount or distribution of immunoreactive products were observed between submandibular and ileocecal lymph nodes. The greatest amount of staining was found in tonsilar epithelia ( Fig. 1a ) and macrophages at all locations. Immunoreactive macrophages were more evident at the center of lymphoid follicles ( Fig. 1c ). Scattered immunoreactive endothelial cells were observed in blood vessels of the tonsils and spleen from pid 4, in those of lymph nodes from pid 6, and in thymic endothelial cells at pid 8 exclusively. Positive lymphoid cells were of the mature type and were located mostly but not exclusively in the follicular areas of spleen and lymph nodes ( Fig. 1) . Larger round to polygonal (blast-like) isolated cells were also immunoreactive in the center of follicles in the spleen and lymph nodes at pids 6 and 7, respectively. Smooth muscle fibers, both vascular and trabecular, reacted with the antibody in 2 of the animals euthanized at pids 6 and 7.
Digestive tissues. Specific immunoreactivity was found in esophageal mucosal epithelial cells from pid 4 and in salivary gland acinar epithelial cells, superficial cells of the gastric mucosa, superficial and crypt mucosal cells of duodenum (Fin. 2a) and ileum and cecum (Fig. 2b) , macrophages of Peyer's patches, pancreatic acinar epithelial cells ( Fig. 3 ) billiary duct epithelial cells and Kupffer cells in the liver, and mononuclear cell infiltrates in liver septa from pid 5. The greatest number of immunoreactive cells was found in acinar pancreatic cells and in esophagic mucosal epithelial cells, and the level of immunoreactivity remained fairly uniform throughout the experimental infection. In addition, glandular cells of esophagic and duodenal mucosa ( Fig. 2a) , pancreatic ductal epithelial cells, macrophages and scattered lymphocytes of Peyers' patches, and gallbladder mucosal epithelial cells were stained from pid 8. Occasionally, smooth muscle cells of the intestinal wall were also stained.
Respiratory tissues. Specific immunoreactivity was found in bronchial and bronchiolar mucosal epithelial cells from pid 5 (Fig. 4) . These cells were the more widely stained in the lung, immunoreactivity reaching its peak at pid 12. In addition, some alveolar macrophages and endothelial cells stained from pid 8, positive acinar cells of bronchial glands were observed at pid 10, and some macrophages of the bronchus-associated lymphoid tissue stained from pid 12 (Fig. 4) .
Urinary tissues. The majority of kidney structures reacted with Gp55 monoclonal antibody, although the number of immunoreactive cells was low. More widely distributed immunoreactivity was observed in convoluted and collecting duct epithelial cells (Fig. 5a) , where it appeared first at pid 7 and reached its peak at pid 12. In addition, some endothelial cells and vascular smooth muscle cells (Fig. 5a, 5b) and epithelial cells of the renal pelvis and urinary bladder (Fig. 6 ) were positive from pid 8. Mononuclear inflammatory cells observed at the renal interstitium and urinary bladder propial mucosa (Fig. 6b ) were immunoreactive at pids 6 and 7.
Nervous system. Specific immunoreactivity was found in glial cells with astrocyte-oligodendrocyte morphology and in mononuclear cell inflammatory perivascular and meningeal infiltrates from pid 6 ( Fig.  7) . In addition, choroid plexus epithelial cells were immunoreactive in 1 of the animals euthanized at pid 7. Immunoreactive glial cells were observed mainly in the white matter of brain hemispheres and brain stem. No immunoreactivity was observed in neurons.
Endocrine tissues. Specific immunoreactivity was observed in thyroid follicular cells in 1 animal euthanized at pid 8, in adrenal gland cortical cells from pid 7, and in pancreatic islets cells from pid 8. More consistent reactions were observed in the zona reticular and zona fasciculata of the adrenal gland cortex, but in all cases the number of immunoreactive cells was low. Skin. Specific immunoreactivity was observed in basal and suprabasal cells of the epidermis and hair follicles from pid 4, although the greatest number of positive cells was observed from pid 10. Apocrine sweat gland and sebaceous gland acinar cells, as well as dermis fibroblasts, were occasionally immunoreactive.
Discussion
Using a monoclonal antibody, it was possible to demonstrate HCV Gp55 in formalin-fixed, paraffin embedded tissue samples of pigs experimentally infected with a virulent field strain of HCV. The ability to detect HCV antigens in routinely fixed tissue specimens permits more accurate identification of the presence of viral antigen than does use of frozen tissue samples. In addition, retrospective studies can be performed on specimens submitted for histologic examination, and the viral antigen can be precisely associated with specific cells, tissues, and histologic lesions. Murine monoclonal antibody WH 303 recognizes domain A of HCV Gp55, a major structural protein of the HCV envelope, 15 and reacts with all strains of the virus tested so far. 2 WH 303 monoclonal antibody also reacts with the Quillota strain of the HCV virus. The absence of immunoreactivity of this antibody with other pestivirus antigens 2 was confirmed. It did not react with bovine viral diarrhea virus-infected porcine or bovine tissues. These facts and the almost ubiquitous presence of the viral antigen Gp55 in the organs and tissues analyzed make the technique described here suitable for use in routine diagnosis of disease associated with HCV.
Using other immunohistological methods, HCV viral antigens have been found in practically every tissue and organ tested from pigs experimentally infected with CSF. 11, 14 The greater sensitivity of the ABC technique already has been documented on frozen tissue sections. 20 Highly virulent virus can be detected in most organs at pid 5-6. 10 In this study, immunoreactivity was observed in all organs and tissues tested, with the exception of heart, from pid 4 (lymphoid tissues, digestive tissues, skin), pid 5 (respiratory and urinary tissues), pid 6 (nervous system), and pid 7 (endocrine system) until pid 18. The greatest amount of antigen was in tonsils, spleen, and pancreas, although the esophageal mucosa and skin epithelial cells were also intensely and widely stained. Samples of tonsil are preferred for diagnosis of CSF by direct immunofluorescence using frozen sections, but spleen (the preferred tissue sample for cell culture inoculation), kidney, and distal part of the ileum are also used. 13, 17 The pancreas is not considered a favorable organ for CSF diagnosis by immunofluorescence, although HCV virus antigens have been detected in animals with the acute form of the disease by means of immunofluorescence and immunoperoxidase methods on frozen tissue sections using polyclonal and monoclonal antibodies. 6, 11 In our study, the pancreas was a very useful organ for diagnosis of the acute forms of hog cholera from pid 5. The skin has recently been described as a useful organ for CSF diagnosis, using skin biopsies. 11 Our study confirms the presence of high levels of antigen, but only from pid 10.
The organic and chronologic distribution patterns of HCV in infected tissues is well known from several immunohistologic studies using immunofluorescence techniques on frozen tissue samples. 1, 11, 4, 18 The main route of entry of HCV is oronasa1, 18 and the tonsils are the primary replication site, as they are in experimental infections using the parenteral route of inoculation, 8 The virus is found in tonsils and regional lymph nodes by 16 hours postinfection (lymphoid phase). Next, the virus reaches spleen, lymph nodes, Peyer's patches, and other mucosa-associated lymphoid tissue by 2-3 days postinfection (viremic phase); finally, the virus spreads throughout the body from 4 days postinfection (organic phase). 1, 14, 18 This progression was observed in the present study, where WH 303 monoclonal antibody immunoreactive products were observed in an organic phase distribution pattern from the first postinoculation day (day 4). The presence of viral antigens throughout the study (through pid 18) indicates that HCV remains for a long time in target cells; this persistance may contribute to its spread from the digestive or urinary tracts. The heart was the only organ without immunoreactivity in this study. Muscle cells are not considered sites of HCV replication. 7 However, immunoreactivity was found in smooth muscle cells of spleen and lymph node trabeculae, intestinal wall, and blood vessel walls. This immunoreactivity was sporadic and was not maintained through the course of the disease. The presence of border disease virus antigens has been described in smooth muscle cells of hollow organs and blood vessels of persistently infected sheep. 19 Bovine viral diarrhea virus antigens have been found in smooth muscle cells of cattle diagnosed with mucosal disease. 5 The ability to detect HCV antigens in routinely fixed tissue specimens has one more advantage: it greatly facilitates the study of viral pathogenesis by allowing the identification of specific cell types infected and the associated tissue changes. In this study, histopathologic lesions characteristic of acute CSF have been found in most organs and tissues, 1, 17, 18 and HCV antigens have been found in several cell types associated with those lesions. The cellular distribution pattern of immunoreactive products to WH 303 monoclonal antibody revealed an almost ubiquitous presence of HCV Gp55, in epithelial cells, macrophages and circulating monocytes, endothelial cells, lymphoid cells, and glial cells. The main target cells for HCV multiplication considered endothelial cells, lymphoreticular cells, and epithelial cells. 1, 18 The presence of HCV Gp55 in epithelial cells and cells of the mononuclear phagocyte system has been described 1, 3, 7, 9, 13, 18 and coincides with the distribution pattern of immunoreactive products found using the WH 303 monoclonal antibody. In addition, we detected WH 303 immunoreactivity in scattered endothelial cells in lymphoid tissues and kidney. The pres-ence of HCV antigens has been previously reported in splenic, tonsilar, and glomerular endothelial cells, 3 but there are no previous descriptions of positive endothelial cells associated with endothelial cell lesions. HCV antigens have been rarely reported in glial cells 11 and lymphoid cells. 9 The presence of HCV antigens has been shown in lymphocytes by direct immunofluorescence. 3, 9 In this study, isolated cells with blast morphology located at the center of lymphoid follicles and mature lymphocytes at different locations, and particularly in mononuclear cell inflammatory infiltrates, reacted with WH 303 monoclonal antibody. Recent studies have associated lymphopenia in acute CSF with a block in B-lymphocyte maturation, which would be due to infection of B-cell precursors by the virus, 16 and the HCV genome was detected in germinal centers of lymphoid organs. 16 It is possible to detect HCV Gp55 in routinely processed tissues by means of a monoclonal antibodybased immunohistochemical test. Greater morphological detail provided by immunohistologic methods performed on routinely fixed tissue samples allows precise association of the virus with specific cells, tissues, and histologic lesions. These facts and the proven specificity for Gp55 make the technique suitable for use in routine diagnosis of hog cholera.
